Background: Serum free light chain assay (SFLCA) and κ/λ ratio, and protein electrophoretic methods are used in the diagnosis and monitoring of monoclonal gammopathies.
Introduction
The immune system makes billions of immunoglobulins, and an estimate of > 10 11 structurally different proteins is generally accepted [1] . The diverse population of immunoglobulins produces a diffuse distribution pattern, polyclonal pattern in protein electrophoresis [2] . An oligoclonal pattern may be seen in normal immune response, malignancies, and following stem cell transplants. In such circumstances, multiple low level proteins of restricted heterogeneity, i.e., clones, are noted in both protein electrophoresis and immunofixation electrophoresis. Such a pattern is often present, especially in normal immune response, in the background of polyclonal increase in immunoglobulins. An oligoclonal pattern may mature into a polyclonal pattern, although it may temporarily exhibit a monoclonal band [3] [4] [5] [6] [7] . Neoplastic plasma cells usually produce an immunoglobulin of only one heavy and one light chain type. Occasionally neoplastic proliferations may include a biclonal pattern [8] [9] [10] [11] .
Three major conditions with monoclonal immunoglobulins, in order of increasing severity, are: monoclonal gammopathy of undetermined significance (MGUS), smoldering multiple myeloma (SMM), and multiple myeloma or plasma cell myeloma (MM). Kyle is credited with introducing the terms MGUS and SMM to the medical lexicon [12, 13] . MM is a malignant entity. MGUS and SMM may progress to MM at a rate of 1-2% and 10-20% per year, respectively. Trials are underway to ascertain if treating SMM and asymptomatic MM would improve outcomes [14] . These entities may be associated with the secretion of intact immunoglobulin molecules, or light chains only. Even normally, light chains are produced in excess of heavy chains and a monoclonal lesion producing intact immunoglobulin also produces excess free light chains. In some cases, the immunoglobulin or light chain is not secreted or only poorly secreted, referred to as non-secretory or oligosecretory myeloma [15, 16] . Malignant lesions of plasma cells may manifest as MM, or solitary lesions of malignant plasma Singh J Clin Med Res. 2017;9(1): [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] cells in bone or extra-osseous sites, designated as plasmacytomas [17] [18] [19] . Other entities with monoclonal immunoglobulins include Waldenstrom macroglobulinemia, B-cell lymphomas, chronic lymphocytic leukemia, amyloidosis, light chain deposition disease, heavy chain deposition disease, light and heavy chain deposition disease, polyneuropathy, and POEMS syndrome [20] [21] [22] [23] [24] [25] [26] . Electrophoretic methods, namely, serum protein electrophoresis (SPEP), serum protein immunofixation electrophoresis (SIFE), urine protein electrophoresis (UPEP), and urine protein immunofixation electrophoresis (UIFE), are classically performed to diagnose monoclonal gammopathy. If UPEP/ UIFE is employed routinely, the rate of diagnosis, i.e., sensitivity, approaches 100% [2, 23, 24, 27] . Serum free light chain assay (SFLCA) and calculated κ/λ ratio are usually included in the diagnostic workup for monoclonal gammopathy. International Myeloma Workshop Consensus Panel 3 recommendation for investigative workup of monoclonal gammopathy includes testing for serum free light chain (SFLC), in addition to electrophoretic tests and bone marrow examination. It has also been pointed out that testing SFLC often does not add value, whereas others have espoused an opposite view [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] .
There are commercially available assays for SFLCs from the Binding Site assay using polyclonal antisera, and N Latex assay from Siemens using monoclonal antibodies. Limited experience suggests that the Binding Site assay has higher sensitivity and N Latex assay has higher specificity [37, 38] . The Binding Site assay has been available for a longer time and is used more often than the N Latex assay.
Comparison of SFLCA and electrophoretic methods in diagnosis, management and prognosis of plasma cell dyscrasias has been identified as one of the research needs by the Agency for Healthcare Research and Quality [39] . In this retrospective study, the relative performances of electrophoretic methods and SFLCA and κ/λ ratio were compared in patients with monoclonal gammopathies.
Methods
This study was conducted at a 500-bed, medical school affiliated tertiary-care hospital in the Southeastern United States. The laboratory performing the tests is CLIA certified. The protocol was approved by the Institutional Review Board.
Medical records of patients who had both SPEP/SIFE and SFLCA performed between 2012 and September 2015 were reviewed. Findings of patients who did not have a diagnosis of monoclonal gammopathy were addressed in an earlier publication [36] . SPEP was performed by agarose gel electrophoresis using Helena SPIFE 3000 system with fractionation into six classic protein zones. Quantitative evaluation for the usual proteins and any M-proteins was performed by scanning the gel at 595 nm on an EDC densitometer. If the monoclonal protein overlapped a normal protein band, the concentration of the combined peak was reported. SFLCA was performed on Siemens ADVIA 2400 instrument, using Freelite kits and reagents from the Binding Site. In reporting a monoclonal spike, the approximate location of the peak was reported in descriptive terms, e.g., extreme cathodic end of SPEP, cathodal region of SPEP, mid-gamma region, anodal region, anodal end, point of application, beta region, co-migrating with C3, peak between C3 and transferrin bands, co-migrating with transferrin and uncommonly in the alpha-2 region. Analysis by SPEP, SIFE, UPEP, and UIFE is collectively referred to as electrophoretic methods.
Clinical and laboratory results were reviewed for the following: diagnoses, SPEP, SIFE, UPEP, UIFE, SFLCA, κ/λ ratio and bone marrow findings. For SPEP/SIFE, identity of the monoclonal immunoglobulin, level of the spike and other findings such as oligoclonal pattern were noted.
Bone marrow examination results were reviewed for corroborating the identity of the monoclonal immunoglobulin. In patients with non-secretory myeloma, the expression of restricted light chains in bone marrow was noted. Immunuometric data collected were SFLC and κ/λ ratio. Results of κ/λ ratio were considered to be normal if the value was between 0.26 and 1.65. κ/λ ratio of < 0.26 was considered abnormally λ dominant, and κ/λ ratio of > 1.65 was considered to be abnormally κ dominant. Established diagnosis of monoclonal gammopathy was used as the reference point and the results of other assays were compared against it. The results of SPEP/ SIFE and UPEP/UIFE and κ/λ ratio were classified as concordant, non-concordant or discordant using the criteria described below.
Concordant
For protein electrophoresis, the finding was classified as concordant if: 1) A monoclonal immunoglobulin, intact immunoglobulin or light chain was identified and the finding was in agreement with bone marrow examination. 2) SPEP had a visible spike that had been characterized previously and was present in the previously identified location. SIFE was not required. 3) No monoclonal immunoglobulin was recognizable on SPEP, and SIFE detected a monoclonal immunoglobulin band similar in heavy and light chain composition and location to the original finding. 4) A monoclonal light chain only was detectable on SPEP/SIFE and it was identical to the light chain identified when the diagnosis was established; it was considered concordant, even if an intact monoclonal immunoglobulin was identified at the time of the original diagnosis. 5) If an oligoclonal pattern was noted on SPEP/SIFE, the results were considered concordant if one of the clones was similar in heavy and light chain composition and location to the original finding. 6) When no monoclonal immunoglobulin was identifiable on SPEP/SIFE but urine showed a monoclonal immunoglobulin or light chain of the same type as seen at the time of initial diagnosis, the result was considered concordant. 7) In the cases of non-secretory myeloma, if a light chain was detectable on UIFE and it was identical to the light chain restriction in bone marrow, the result was considered concordant.
For κ/λ ratio, the usual range of 0.26 -1.65 was considered normal. The κ/λ ratio was considered concordant if the dominant light chain identified by the κ/λ ratio was identical to the monoclonal light chain or the light chain component of the 
Non-concordant
For protein electrophoresis, the finding was classified as nonconcordant if no monoclonal immunoglobulin or light chain was detectable in SPEP, SIFE, UPEP or UIFE in a patient with an established diagnosis of monoclonal gammopathy. For κ/λ ratio, the following was deemed to be non-concordant. The κ/λ ratio was in the normal range of 0.26 -1.65 in a patient with diagnosis of monoclonal gammopathy.
Discordant
For protein electrophoresis, the finding was classified as discordant if: 1) A monoclonal immunoglobulin of different composition was present in SPEP, or SIFE, UPEP and UIFE than that identified at initial diagnosis. 2) A monoclonal immunoglobulin and/or light chain was present in a different location than the one noted at initial diagnosis. 3) A monoclonal light chain was present in any of the electrophoretic analyses other than the light chain identified at initial diagnosis. 4) Presence of an oligoclonal pattern, especially in a patient who had undergone stem cell transplantation, was not considered discordant by itself.
For κ/λ ratio, the following were deemed to be discordant: 1) A κ/λ ratio of < 0.26 in a patient whose monoclonal immunoglobulin at initial diagnosis was kappa light chain or an intact immunoglobulin with kappa light chains. 2) A κ/λ ratio of > 1.65 in a patient whose monoclonal immunoglobulin at initial diagnosis was lambda light chain or an intact immunoglobulin with lambda light chains.
The number of concordant, non-concordant and discordant findings between electrophoretic analyses and SFLCA κ/λ ratio were compared by the Chi-square test for goodness of fit. Following the analysis described above, it was obvious that there was a high rate of false negative findings for SFLCA κ/λ ratio, therefore only the samples in which a monoclonal immunoglobulin was detectable by electrophoretic methods were analyzed to determine the false negative rate for SFLCA κ/λ ratio in such specimens.
In many instances, the results of electrophoretic methods and SFLCA κ/λ ratio were in agreement. In the specimens in which the results for the two methods were not in agreement, concordance of the results with the initial diagnosis was analyzed.
Results
Data from 468 patients were reviewed. There were 2,409 instances/observations in which results of both the electrophoretic methods and SFLCA κ/λ ratio were available. The average number of observations per patient was 5.1. However, 175 patients (37.4%) had only one observation each. The maximum number of observations in a single patient was 41.
Further breakdown of the patients and observation revealed plasma cell myeloma (patients 262, observations 1,831), SMM (patients 13, observations 66), and MGUS (patients 76, observations 295). Other patients included 11 plasmacytomas with 69 observations and a heterogeneous group of 106 patients with 148 observations. The heterogeneous group included lymphomas, including Waldenstrom and post-transplant lymphomas, neuropathy, malignancies, amyloidosis, chronic lymphocytic leukemia, osteopenia and fractures, etc.
The frequency distribution of the observations by immunoglobulin type and light chain type is given in Table 1 . IgG kappa was the commonest monoclonal immunoglobulin type. Six of 262 MM patients exhibited more than one clone, and four patients had the same light chain with each clone and did Total kappa (including non-secretory) 1,535
Total lambda 874
Singh J Clin Med Res. 2017;9(1):46-57 not materially alter the process for designation as concordant, non-concordant or discordant. The remaining two patients had both kappa and lambda chains and both had lambda chain clone as the dominant clone. A conservative approach was used in designation of concordance level for these two patients and benefit of doubt was given to the method being correct. The concordance levels of electrophoretic studies and SFLCA κ/λ ratio, with established diagnoses, are shown in Tables 2 and 3. Table 2 displays the performance of the two methods evaluated for the total data. The concordance rate of the electrophoretic method was significantly greater than that for SFLCA κ/λ ratio (P << 0.00001). The performance of SPEP/ SIFE was nearly flawless, with a discordance rate, at worst, of 0.58%. The discordance rate for SFLCA κ/λ ratio was 3.3%. The non-concordance rate was nearly twice as good for electrophoretic methods as compared to SFLCA κ/λ ratio findings, indicating that many of the non-concordant observations in SFLCA had detectable monoclonal immunoglobulin by electrophoretic method.
The data were further analyzed by light chain type and the results are shown in Table 3 . All three patients with nonsecretory myelomas had kappa chain restriction and the 16 observations were included in the kappa chain pool. The results displayed in Table 3 show that electrophoretic methods had significantly better concordance than SFLCA, and the P value for combined kappa and lambda chain specific results was < 0.00001.
Judging by numbers, percentages and the Chi-square statistic, the results for lambda light chain were far more often concordant by electrophoretic methods than was the case for SFLCA κ/λ ratio. The Chi-square statistic for kappa and lambda chains was 26.1 and 344.2, respectively. The P value for both was < 0.00001 and was not calculated further for the higher Chi-square value for lambda light chains.
The discordance rate only for kappa chains was not statistically significantly different between the two methods. The non-concordance rate for SFLCA, κ/λ ratio, for kappa chain lesions was higher than that in electrophoretic method, indicating that patients who had detectable kappa chain monoclonal immunoglobulins by electrophoretic method had normal κ/λ ratio in a significant number of observations and the SFLCA, κ/λ ratio provided a false negative result. This issue is further addressed in Table 4 and Table 5 .
The samples in which a monoclonal Ig was detectable by electrophoretic methods were identified and are listed in column three of Table 4 under "Electrophoretic positive, N". Amongst these, the samples with normal κ/λ ratio or wrong chain dominant ratio were identified and are listed in column labeled, "K/L ratio negative, N". The last column lists the percentages of instances in which the κ/λ ratio was falsely negative. Overall, SFLCA κ/ λ ratio was falsely negative in nearly 27% of the instances in which a monoclonal Ig was detectable by electrophoretic methods. The false negative rate was higher for lesions with lambda light chains than those with kappa light chains, the two rates being 31.2% and 23.7%, respectively.
The greater than 55% false negative rate for κ/λ ratio for MGUS patients is noteworthy and argues against a role of SFLCA as a screening tool for monoclonal gammopathy. This is especially important in light of the observation, reported earlier, that > 35% of samples without a monoclonal immunoglobulin have an abnormal κ/λ ratio. The high false positive rate for SFLCA κ/λ ratio in patients without monoclonal gammopathy was almost always due to falsely kappa dominant κ/λ ratio [36] .
Comparative results of SFLCA κ/λ ratio and electrophoretic methods at the first encounter with a given patient are giv- The total 2,409 observations were graded for concordance with the established diagnoses. The results of the electrophoretic methods had significantly higher concordance with the established diagnoses, P < 0.00001. The results of the electrophoretic method had significantly lower discordance rate with a P < 0.00001. Electrophoretic methods had significantly higher concordance with the established diagnoses for both kappa and lambda light chain monoclonal gammopathies than serum free light chain κ/λ ratio assay results.
Serum Table 5 . Some of the MM patients had received treatment elsewhere and were not treatment naive. The false negative κ/λ ratio results are particularly noteworthy in treatment naive MGUS patients at 67%. The even higher false negative rate for MGUS lesions with lambda light chains, of nearly 90%, is in keeping with the high false negative rate for lambda light chain lesions in other settings. The SFLCA κ/λ ratio performance was better for kappa light chain lesions than that for the total sample. However, even in kappa chain lesions the performance of SPEP/SIFE was significantly better than that for SFLCA κ/λ ratio (P < 0.00001). The discordance rate for kappa light chain was marginally, but not significantly, better for SFLCA κ/λ ratio. However, the non-concordance rates for SFLCA κ/λ ratio and SPEP/SIFE were 34.3% and 25.8%, respectively and the results for electrophoretic methods were concordant significantly more frequently.
In lesions with lambda light chains, the discordance rate was much worse for SFLCA κ/λ ratio than for SPEP/SIFE, the respective values for lambda chains being 8.6% and 0.8%. The greater than 55% false negative rate for κ/λ ratio for MGUS patients is noteworthy and argues against a role of SFLCA as a screening tool for monoclonal gammopathy. The false negative κ/λ ratio results are particularly noteworthy in treatment naive MGUS patients at a rate of 67%. The high false negative rate for lesions with lambda light chains, nearly 90%, is in keeping with the high false negative rate for lambda light chain lesions in other settings.
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The non-concordance rates were similarly significantly higher (P << 0.00001) for SFLCA κ/λ ratio than that for electrophoretic methods, the rates for SFLCA κ/λ ratio and electrophoretic methods being 51.6% and 17.2%, respectively for lambda chain lesions. The higher discordant rate for lambda chain lesions is further illustrated in Table 6 that displays the results of multiple tests in one patient. This was not the only patient with such a pattern and patients with kappa chain lesions also displayed a similar pattern.
When the rate of discordant results only was compared, the results were significantly better for the electrophoretic methods with a P < 0.00001, as shown in Tables 2, 3, 4, 5 and  Table 7 .
The results of comparison of the methods for the segregated MM, SMM, and MGUS patients and samples are shown in Table 7 . In each of these categories, electrophoretic methods had significantly higher concordance rate than that for SFLCA, κ/λ ratio. There was only one observation in the SMM group with discordant findings by both methods and it applied to the same sample.
However, comparison of the discordant results for MGUS and MM revealed significantly better performance for the electrophoretic method. The rate of false negative SFLCA κ/λ ratio for MGUS samples was remarkably high at greater than 55%.
The newly proposed criterion for identification of SMM, in patients with involved to uninvolved light chain ratio of > 100 and light chain level of > 100 mg/L was applicable to only one observation. There was marked reduction of background immunoglobulins in the sample with IgA 16 mg/dL, and IgM 7 mg/dL.
In 1,466 of the 2,409 observations, the results of the electrophoretic method and SFLCA κ/λ ratio were in agreement, i.e., both were concordant, non-concordant or discordant. Table 8 displays the performance of electrophoretic studies vs. SFLCA κ/λ ratio results in the 943 samples in which the results The entries in this table display an example of the poor performance of SFLCA and κ/λ ratio in patients with lambda light chain monoclonal gammopathies. In this case, the SFLCA and κ/λ ratios were consistently negative and discordant despite the fact that each of the 25 samples had a readily detectable monoclonal IgG lambda monoclonal protein.
The serum creatinine in this patient was 1.06 mg/dL and renal κ/λ ratio would not have been applicable.
Serum Free Light Chain Assay and Monoclonal Gammopathy J Clin Med Res. 2017;9(1):46-57 of the two methods were not in agreement. The results of the electrophoretic methods were concordant with the initial diagnosis significantly more often than was the case for SFLCA κ/λ ratio for total as well as light chain-specific analysis. As is apparent from the numbers and percentages, the results for lambda light monoclonal gammopathies were far better for electrophoretic methods than for SFLCA κ/λ ratio. The Chisquare value for kappa chain samples was 71.0 and for lambda chain samples the Chi-square value was 695.5, hence the designation of P << 0.00001 for lambda chain results. For lesions with lambda light chain immunoglobulins, the electrophoretic method was in agreement with the initial diagnosis in more than 90% the instances whereas SFLCA κ/λ ratio was concordant in fewer than 10% of the instances.
Discussion
Tremendous progress has been made in the treatment of MM, thereby increasing the importance of making an early and accurate diagnosis [22, 40] . Treatment with chemotherapy warrants monitoring, and limiting exposure to toxic drugs.
Concentration of the monoclonal protein is an indicator of the tumor mass and reflects the course of disease and guides treatment. According to the International Myeloma Workshop Consensus Panel 3, initial investigation of a patient suspected with MM should include serum protein electrophoresis and immunofixation electrophoresis, 24-h urine collection for electrophoresis and immunofixation, and measurement of SFLCs. The panel recognizes serum immunofixation electrophoresis as the "gold standard" to confirm the presence of a monoclonal immunoglobulin [34] . An algorithmic approach has been recommended to avoid overuse of laboratory tests [24] . For follow-up of treatment, the International Myeloma Workshop Consensus Panel recommends quantitative measurements of immunoglobulins but prefers electrophoretic measurement of monoclonal immunoglobulin. Serial measurement of SFLCs is recommended only for patients with non-secretory or oligosecretory myelomas [22, 34] . The panel suggests a potential use for measuring SFLC in monitoring the progress of patients with plasmacytoma and SMM. Measurements of value in predicting the development of MM in patients with a non-malignant monoclonal gammopathy include quantification of background immunoglobulins The concordance of the electrophoretic method results with the established diagnosis was superior to the results of SFLCA in all of the three categories of patients. The level of discordance with the established diagnosis was significantly lower with electrophoretic results than for SFLCA in patients with MM and MGUS. There were insufficient observations in the SMM group for comparison of discordance levels. There was one discordant result, each, with both methods. P < 0.00001 P < 0.00001 P << 0.00001 (X 2 = 695.5)
The finding of superiority of the electrophoretic method was applicable in monoclonal gammopathies with both kappa and lambda light chains. As is apparent from the numbers and percentages, the results for lambda light monoclonal gammopathies were far better for electrophoretic methods than for SFLCA κ/λ ratio.
Singh J Clin Med Res. 2017;9(1):46-57 and measurement of involved SFLC, measurement of Hevylite chain of affected as well as unaffected immunoglobulins. At this time, it has not been established that any of these tests offers an advantage over monitoring the uninvolved immunoglobulin classes and recognizing the onset of suppression of uninvolved immunoglobulins as a risk factor for transformation of MGUS and particularly SMM into MM [40] [41] [42] . It is worth noting and emphasizing that results of the SFL-CA and κ/λ ratio, no matter how abnormal, are not a proof of monoclonal gammopathy. Any abnormal SFLCA or κ/λ ratio results must be confirmed by an electrophoretic method and/or bone marrow examination. It is conceded that a normal serum and urine electrophoretic result does not rule out a neoplastic plasma cell disorder; however, detection of a monoclonal immunoglobulin by electrophoresis is proof positive of monoclonal gammopathy. The shortcomings of SFLCA in patients with and without monoclonal gammopathy have been demonstrated by other investigators as well [32, 37, [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . It could be argued that being that electrophoretic method is the gold standard, other methods are not expected to perform as well, however, the high error rates, both false positive and false negative, for SFLCA, raise the question of its usefulness, and medical necessity of this test.
Good laboratory tests are expected to have one or more of the following attributes: 1) detect disease or predisposition to disease, 2) confirm or reject a diagnosis, 3) establish prognosis, 4) guide patient management, and 5) monitor efficacy of therapy [54] .
The results of SFLCA κ/λ ratio were evaluated with these performance parameters in mind. As stated earlier, SFLCA κ/λ ratio is neither diagnostic of nor exclusionary of monoclonal gammopathy, nor does it document a predisposition to disease. The high false negative rate of SFLCA κ/λ ratio, in patients with readily detectible monoclonal immunoglobulins, argues against a role in guiding management of patient or therapy. There may be a role in establishing prognosis, as has been presented for MGUS; however, given the error rate of the assay, the usefulness for prognosis would be limited at best [55] . The International Myeloma Workshop Consensus Panel recommended serial measurement of SFLCs only for patients with non-secretory or oligo-secretory myeloma are likely to be appropriate indications in patients with concordance of SFLCA data with bone marrow findings [22, 34] .
If the data presented here are validated by other unbiased, non-conflicted investigators, there would be virtually no role, for SFLCA for the screening for suspected monoclonal gammopathy. If a monoclonal immunoglobulin is not detectable by SPEP and SIFE, urine should be analyzed by UPEP and UIFE. What would be gained by performing SFLCA? An abnormal SFLCA κ/λ ratio does not diagnose monoclonal gammopathy; a normal κ/λ ratio does not exclude monoclonal gammopathy.
More than 35% of patients without monoclonal gammopathy have an abnormal κ/λ ratio [36] . In patients with MGUS, about 55% of the samples yield a falsely negative normal κ/λ ratio, and κ/λ ratio is normal in about 67% of MGUS patients at first encounter. If monoclonal gammopathy is suspected in patient with non-diagnostic SPEP and SIFE, 24-h urine study should be done and depending on the strength of the suspicion, a bone marrow biopsy or biopsy of the lesion ought to be considered. An argument in favor of SFLCA over urine studies has been that SFLCA is less expensive [27] . Be that as it may, SFLCA κ/λ ratio is not diagnostic of monoclonal gammopathy, nor does is exclude monoclonal gammopathy.
Polyclonal gammopathy increases the rate of erroneous κ/λ ratio finding to about 55% [36] . The results presented in Tables 2-8 demonstrate the superiority of electrophoretic methods for broad concordance as well as strictly discordant results for the two methods. The high false negative rate for SFLCA κ/λ ratio in samples with detectable monoclonal immunoglobulin makes one question the utility of this test in diagnosis of monoclonal gammopathy as well as for monitoring the course of disease.
In tracking the efficacy of treatment, it has been suggested that SFLCA may be superior to the densitometric measurement of monoclonal immunoglobulin due to the shorter halflife of light chains. While this is an apparently logical argument, empirical data argue against this notion. The half-life of lambda chains is longer than that of kappa chains [2] . If the short half-life of light chains was the determining factor, lambda dominant κ/λ ratio would be expected to be more prevalent; however, observed false negative rate of κ/λ ratio for lambda chain lesions is higher than that for kappa chain lesions, arguing against the half-life of light chains being the explanation of the high false negative rate for SFLCA, κ/λ ratio. In patients with intact immunoglobulin MM, performance of densitometric measurement of monoclonal immunoglobulin has been shown to be better than SFLCA and κ/λ ratio [56] .
Observation of the high false negative results for SFLCA κ/λ ratio in general and lambda light chain lesions in particular argues against the SFLCA as monitoring tool. The false negatives rates for SFLCA are not attributable to the shorter half-life of light chains in patients with persistently negative SFLCA κ/λ ratio despite the persistent presence of monoclonal immunoglobulin in gram quantities as exemplified by the results shown in Table 6 . Similarly, the results of SFLCA κ/λ ratio did not add value to the assessment of complete response to treatment for patients with MM [57, 58] . It could be argued that the high negative rate with SFLCA κ/λ ratio reflected a successful result of the treatment; however, it does not hold water in patients with persistent presence of gram quantities of monoclonal protein as illustrated in Table 6 and observed in patients with both kappa and lambda light chain monoclonal immunoglobulins. The short half-life of light chains and successful result of treatment do not explain the high false negative rate in untreated MM and SMM patients and patients with MGUS.
In more than half of the cases with light chain MM, monoclonal light chain is detectable on SPEP/SIFE; however, it may be appropriate to use SFLCA κ/λ ratio for monitoring the progress of disease as an adjunct to SPEP/SIFE. The 24-h urine excretion of the relevant light chain may be the best option; however, logistical issues are likely to preclude routine use of this test.
In the 1% or so cases of non-secretory MM, and amyloidosis, SFLCA κ/λ ratio may be appropriate if the assay result is consistent with the immunoglobulin restriction established on bone marrow examination.
In instances of light chain escape, monitoring of SFLCs Serum Free Light Chain Assay and Monoclonal Gammopathy J Clin Med Res. 2017;9(1): [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] and κ/λ ratio may offer an advantage, if the results of SFLCA κ/λ ratio are in agreement with the initial diagnosis and bone marrow finding of appropriate light chain restriction [42, 59] . Similarly, SFLCA and κ/λ ratio may offer an advantage in monitoring patients with light chain monoclonal gammopathy and patients with amyloidosis [22, 34] . However, measurements of serum beta 2 microglobulin levels have been reported to be a better marker of response to treatment [60, 61] .
While the International Myeloma Working Group, in their 2014 update, recommended monitoring SMM with SFLCA to assess the risk of progression to MM and initiation of treatment, it has not been established if SFLCA is superior to other assays, e.g., quantification of background immunoglobulins, and increase in the amount of monoclonal protein [22, 34] .
The predispositions for false negative and false positive results of SFLCA κ/λ ratio have been documented by others as well [32, 37, [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] . Factors contributing to the high error rate include hypergammaglobulinemia, hypogammaglobulinemia, ethnic variation in the reference range, renal failure, and propensity of light chains to aggregate or polymerize thereby potentially interfering with their measurement [55, 56, [62] [63] [64] [65] . The reason for the higher false negative rate for lambda light chain lesions in the SFLCA κ/λ ratio is not entirely clear. A likely explanation is the greater tendency of lambda light chains to dimerize/polymerize and the polymerization possibly hiding the epitopes to which the antibodies used in the assay are directed.
Measurement of Hevylite chain has also not been shown to improve upon the performance of SPEP/SIFE in the diagnosis and monitoring of patients with intact immunoglobulin MM. Measurement of IgA Hevylite chain has been stated to provide a better estimate of the monoclonal immunoglobulin, as monoclonal IgA is often present in the beta region and may overlap the transferrin and complement bands. The clinical advantage of measuring IgA Hevylite chain over densitometric quantitation of the monoclonal band along with the underlying normal protein has yet to be demonstrated [66] [67] [68] [69] .
Alterations in the amounts of monomeric and dimeric SFLCs, in favor of dimeric light chains, have been cited as a risk factor in the development of MM and amyloidosis; however, this test has not yet made it into routine clinical testing [65] .
The statement that abnormal SFLCA and κ/λ ratio is not diagnostic of monoclonal gammopathy and normal results do not exclude monoclonal gammopathy, while correct, is not meant to indicate that the test is entirely useless. However, in routine clinical practice SFLCA and κ/λ ratio should be limited to patients with non-secretory or oligo-secretory myeloma, light chain escape, and amyloidosis without detectable monoclonal immunoglobulin in serum. There may be a role for SFLCA κ/λ ratio in monitoring lympho-plasmacytic disorders, e.g., B-cell lymphoma and chronic lymphocytic leukemia [70] .
Conclusions
Electrophoretic tests are superior to SFLCA κ/λ ratio in diagnosis and monitoring of monoclonal gammopathies, with the possible exception of patients with non-secretory or oligo-secretory myeloma and light chain escape.
The κ/λ ratio has a high false positive rate in patients without monoclonal gammopathy, especially in samples with polyclonal hyper-gamma globulinemia [36] .
There is a high false negative rate for the κ/λ ratio in samples with detectable monoclonal immunoglobulin, in general, and in lesions with lambda light chain monoclonal immunoglobulins, in particular.
SFLCA κ/λ ratio may be useful in monitoring patients with light chain monoclonal gammopathy, non-secretory or oligo-secretory myeloma, light chain escape, and amyloidosis.
Urine protein electrophoretic studies should be used as one of the primary tools in diagnosing and monitoring monoclonal gammopathies.
